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i This  report  presents  results  of  sddltlonsl  ezperiaentsl  effort 

I in  the  study  of  the  Inltlstlon  of  Isser-supported  absorption  (LSA)  vaees 

on  solid  surfaces  Irradiated  in  air  with  pulsed  laser  radiation.  LSA 
waves  asy  be  "lasalficd  as  either  supersonic,  ao-called  laser-supported 
detonation  (LSD)  waves,  or  as  subsonic,  so-called  laser-supported  coabus- 
tlon  (LSC)  waves.  In  either  case,  a hot-air  plasaa  (1-2  eV)  Is  foraed 
which  propasates  back  up  the  liuo:  beaa  away  froa  the  target  surface  and 
absorbs  scst  of  the  laser-beaa  energy.  The  objective  of  this  study  Is  to 
provide  *a  iaproved  understanding  of  the  process  of  LSA  wave  Initiation. 

The  ezperlaents  of  the  current  contract  deal  exclusively  with  Initiation  of 
ISD  waves;  hoifever,  diagnostic  techniques  bein^  developed  and  experlaental 
results  being  obtained  nay  be  directly  applicable  to  the  LSC  prol>lcn. 

During  the  first  year  of  study,  experlaents  were  directed  toward 
imderstandlng  the  aechanlsas  of  Initiation  of  LSD  waves  produced  on 
practical  alualnua  surfaces  In  air  with  the  Battelle  75-Joule  TEA  CO^  laser. 
Results  indicated  that  the  Initiation  occurred  at  a large  niaber  of  local 
surface  features  (laalnae  and  pits)  on  a very  rapid  tlae  scale  (30-60 
nsec).  Theralonlc  ealsslon  at  these  surface  features  was  found  to  be  a 
viable  aechanlsn  for  Initiation  of  the  local  LSD-wave  plasaas.  Initial 
studies  of  nonaetallic  LSD-wave  Initiation  showed  that  the  Initiation  process 
Is  also  local  for  "flrsv  shot"  Irradiations  of  acrylic  plastic  and  fused 
silica. 

During  this  report  period  initial  data  were  taken  on  the  delay 
tlae  to  Initiation  of  LSD  waves  on  nonaetallic  aaterlals.  Measureaents 
utilized  a aodlfled  ring  electrostatic  probe  to  detect  the  pnotolonlzatlon 
of  air  at  the  tlae  of  Initiation.  For  Initial  Irradiations  of  acrylic 
plastic,  breakdown  tlaes  are  slallar  to  those  for  alualnua  2024  (=  30  nsec). 

Scanning  electron  alcroscope  and  target  electron  ealsslon  data 
were  recorded  for  alualniss  2024,  tungsten,  and  lead  saiq>les  Irradiated  at 
ataosphcrlc  pressure.  Initiation  behavior  of  lead  was  fou^d  to  be  very 
slallar  to  that  for  alualnua  2024,  while  tungsten  Initiation  delay  tlaes 


I 


1 


were 


were  .bout  20  nsec  longer.  No  damage  was  observed  on  the  tungsten  surface 
at  2000X.  Measurements  of  target  emission  at  reduced  air  pressure  were 
performed  for  the  aluminum  2024  samples,  ine  increase  in  target  voltage 
with  decreasing  pressure  was  faster  than  predicted  by  a simple  one 
dimensional  diffusion-controlled  model  for  the  priming-electron  spatial 

distribution. 

Qiarge  collection  measurements  were  performed  in  hard  vacuum  in  an 
attempt  to  determine  the  target-surface-emitted  electron  energy  distribution 
prior  to  initiation.  Large  background  probe  signals,  apparently  arising  from 
electrons  photoemitted  from  the  target  surface  after  plasma  initiation. 

rendered  the  results  inconclusive. 

Time-resolved  emission  spectroscopy  measurements  were  performed 

for  irradiations  of  aluminum  2024  samples  at  air  pressures  ranging  from  10 
torr  to  1 atm.  Six  aluminum  lines  were  studied,  including  emissions 
characteristic  of  both  neutral  ana  on.e-ionized  species.  Ionized  aluminum 
vapor  eml'jslons  at  the  target  surface  were  found  to  peak  near  the  pressure 
threshold  for  LSD-wave  initiation  (5-10  torr  at  3.2  x 10  uatt/cm2)  and  drop 
below  the  background  bremsstrahlung  level  for  pressures  greater  than  20  torr. 
Time-integrated  spectra  were  recorded  in  the  range  2250  to  6500  A for 
several  metals  in  air  pressures  ranging  from  10  ^ torr  to  1 atm.  These 
data  have  not  yet  been  analyzed;  however,  typical  spectre  are  presented. 
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All  DmESYlGATIOM  OF  MdAHlSNS  OF  DHTIATIOH 
or  LASO-SUPPOtTED  AlSOtPTIOII  (LSA)  HATES 


C.  T Uulccrs,  I.  H.  mad  t.  E.  Beverly  111 


iirrEOOocTioii 

This  Is  the  third  solsmiusl  report  of  an  experiaental  investigation 

of  initiation  of  laser-supported  al  sorption  (LSA)  waves  in  gases  in  front 

of  solid  surfaces.  Current  contract  efforts  are  Halted  to  expcrlaental 

study  of  initiation  of  absorption  trsves  generated  by  short  pulses,  i.e., 

laser-supported  detonation  (LSD)  waves,  botiever,  results  aey  be  applicable 

to  laser-supported  coabustlon  (LSC)  wsves  In  soae  cases.  During  the  first 
(1  2)* 

ysar  * , extensive  studies  of  Initiation  of  LSD  waves  in  air  in  front  of 

practical  alualnua  surfaces  with  TEA  CO^  laser  pulses  hsve  revealed  s viable 
aechanisa  of  initiation.  The  experiaental  data  are  c.ov^lsteni  with  inverse- 
breasstrahlung  heating  of  surface-«aitted  prising  electrons  in  the  sir. 
Tberalonic  or  field  emission  at  surface  features  such  as  pits  snd  laaln^e 
is  oelieved  to  be  the  process  for  production  of  prising  electrons  for  the 
air  breakdown.  During  the  second  year  of  research,  the  universality  of 
this  aechanisa  is  being  studied  in  experiaents  designed  to  reveal  initiation 
aeckanlsas  on  a variety  of  aetallic  and  nonaetallic  materials.  Metallic 
aaterials  being  studied  include  alualnua,  titanium,  tungsten,  copper, 
stainless  steel,  lead,  and  certain  aetals  having  special  surface  preparations. 
Mooaetallic  materials  include  acrylic  plastic,  fused  silica,  cellulose 
acetate,  unfilled  polymer  coating,  Pyroceraa,  potassium  chloride,  and 
silicon.  In  addition,  pressure  messurcaects  arc  being  performed  in  air 
and  vacuum  to  assess  the  effects  of  the  LSD/blast  wave  on  metallic  and 
oonmitallic  target  response  to  the  TEA  laser  pulse.  Of  particular  interest 
is  the  effect  of  time  delay  of  LSD-wave  initiation. 

* Bclerences  arc  listed  on  page  A7. 
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A key  aeasurefeent  in  the  assessment  of  I.SD-wave  initiation  is 
the  aessurenent  of  brcakuown  time.  t.e..  the  time  interval  between  the 
time  at  which  laser  radiation  first  arrives  on  Che  target  surface  and  Che 
tisK  at  which  an  absorbing  plasma  is  observed.  From  research  during  the 
first  year,  it  was  found  that  the  ultraviolet-radiation-induced  precursor 
pulse  on  an  electrostatic  probe  placed  near  the  interaction  region  is  a 
good  indicator  of  breakdown  time.  Some  effort  during  this  research  period 
was  devoted  to  designing  a timing  probe  based  on  this  principle  which 
would  be  compatible  with  nonconducting  target  material  and  ocher  diagnostics. 
Initial  efforts  with  an  asymmetrically  located  probe  revealed  insufficient 


sensitivity  and  a new  ring  probe  assembly  was  constructed.  The  new  probe 
has  sensitivity  similar  to  that  of  the  original  electrostatic  ring  probe^^^ 


but  is  coaparible  with,  and  attaches  to,  the  target  emission  probe  assembly 
and  may  be  used  with  nonmetallir  targets.  Figure  1 shows  sc’cematically 
the  target  emission  probe  assembly  with  the  new  electrostatic  ring  probe 
attached.  The  probe  Itself  is  constructed  of  0. 102-cm-diameter  copper 
wire  bent  into  a ring  having  1.35-cm  inside  diameter.  Tl.s  distance  between 
the  plane  of  the  ring  and  the  target  surface  is  adjustable.  The  circuitry 
used  for  the  probe  is  identical  to  tha.  presented  in  Figure  10  of  Reference  (1), 
Several  irradiations  were  performed  on  aluminum  202A  at  atmospheric 
pressure  to  confirm  operation  of  the  probe  consistant  with  previous  work. 


Figure  2(a)  illustrates  probe  response  for  a positive  bias  of  20  volts  and 

8 2 

peak  power  density  of  5.8  x 10  watt/cm*’  While  the  shape  of  the  voltage 


trace  is  different  from  that  shown  in  Reference  (1),  the*  essential  features 
indicative  of  plasma  initiation  and  blast-wave  arrival  remain.  On  the  trace, 
the  first  rise  of  p»’obe  current  results  from  photoionization  of  gas  around 
the  probe  by  ultraviolet  emission  from  the  LSD  plasma.  Shape  and  voltage 


Ring  probe 


SEM  sample 
holder 


Adjustable 

shield 


Connector  pin 
socket 


Coax  connector 


FIGURE  1.  INITIATION  TIMING  PROBE  ASSEMBLY 


(c)  Acrylic  Plastic  (second  shot).  V - +2A  v,  G - 3.5  x 10*  wstt/ca^ 
(200  as/ c»- inverted,  100  nsec/ri^  •* 

FIGUtE  2.  INITIATION  TIMING  PROBE  RESPONSE 
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level  differences  result  froa  differences  in  ring  dissieter  and  location. 
Ma«sur«<i  initlatioo  tia**  of  25-30  ns«c  for  5.8  x 10°  watt/ca  agreed  quite 
wall  with  previous  alualnua  2024  data. 

During  this  period  the  first  initiation  tilling  aeasureaents  were 

■ade  for  oonsKtalllc  targets.  Figure  2(b)  and  (c)  present  probe  responses 

8 2 

for  the  first  snd  second  shot  on  acrylic  plastic  at  3.5  x 10  watt/ca  peak 
power  density  with  1-24  volts  probe  bian.  First  appearance  of  probe  current 
occurs  25-30  nsec  into  the  laser  pulse  at  this  intensity  for  up  to  three 
pulses  on  the  sane  surface.  Blast-wave  arrival  tlaes  (not  seen  in  the  figure) 
were  of  order  1.8  usee.  An  interesting  proapt  bias  effect  is  seen  on  the 
first-shot  only  (Figure  2(b))  which  is  not  seen  in  the  awtallic  results. 

If  the  first  shot  initiation  involves  theralonlc  ealsslon  of  electrons  froa 
isolated  aetallic  debris,  as  discussed  in  Reference  (2),  then  the  absence 
of  a conducting  target  surface  would  result  in  higher  soace-charge-induced 
currents  in  the  probe.  This  effect  is  absent  or  reduced  in  subsequent  shots. 
Of  particular  interest  will  be  probe  response  at  lower  intensities  where  a 
second  shot  does  not  initiate  an  LSD  wave  on  acrylic  plastic.  During  the 
latter  part  of  the  prograa,  a coaplete  series  of  Initiation  timing  experlaents 
will  be  perforaed  for  nonaetalllc  aaterials. 

Scanning  Electron  Microscopy 

Huch  of  the  effort  during  this  research  period  was  devoted  to 
intensive  study  of  initiation  on  three  aetals,  aluainum  2024,  tungsten,  and 
lead.  Although  the  spectroscopy  covered  all  of  the  aetals  of  Interest, 
tungsten  and  lead  were  of  particular  interect  because  of  widely  varying 
properties  which  aight  play  a role  in  LSD-wave-lnltlatlon  processes.  Table  1 
presents  handbook  values  for  these  properties  for  aleaental  aetals  of 
Interest.  Tungsten  was  selected  in  an  attempt  to  verify  prompt  LSD  Initiation 
under  conditions  where  vaporization  was  unlikely.  Lead  was  chosen  to  enhance 
vaporization;  hoirever,  as  can  be  seen  in  the  table,  theralocic  ealsslon  is 
also  enhanced  in  this  case.  Additional  aetallic  studies  will  be  perforaed 
in  the  latter  part  of  the  contract  to  induce  a vapor-doalnated  Initiation. 
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TAJILE  1.  HANDBOOK  METAL  PROPERTY  DATA 


Metal 

Work  Function 
♦ (eV) 

Melting 
Tesq>crature , 
T^(C) 

Vaporization 
Temperature, 
T (C) 

V 

First  Ionization 
Potential, 
I(eV) 

A1 

3.7-4.36 

660 

2520 

5.99 

Cd 

4.0-4.22 

320 

767 

8.99 

Cu 

4. 4-4. 6 

1083 

2566 

7.73 

Mg 

3.66 

650 

1090 

7.6; 

Mo 

4. 2-4. 4 

2617 

4607 

7.10 

Ti 

4.0-4.45 

1670 

3289 

6.82 

W 

4.5 

3380 

5555 

7.98 

Zn 

4.2 

420 

911 

9.39 

Pb 

3.49-3.83 

327 

1750 

7.42 

Proa  previous  work  with  practical  alunlnum  2024  surfaces,  saall 
surface  features  were  found  to  be  sites  of  plasma  Initiation.  To  provide 

characterization  of  the  lead  and  tungsten  surfaces,  additional  scanning 
electron  microscope  (SEN)  examinations  were  performe*!.  Selected  areas  of 
*l*“iou*  2024,  tungsten,  and  lead  samples  were  recorded  before  and  aftet  Irra- 
diation with  one  pulse  at  atmospheric  pressure.  The  aluminum  2024  and  lead 


were  exposed  to  a peak  power  density  of  2.14  x 10®  watt/cm^,  while 


8 2 

the  tia.gsten  sample  was  exposed  to  3.2  x 10  watt/cm  . These  Intensities 


were  well  above  LSD-wave  threshold  as  observed  photographically.  Repre- 
sentative SEM  records  are  presented  in  Figure  3.  Figure  3(a)  and  (b)  Illustrate 
typical  before  and  after  views  of  an  aluminum  2024  surface  that  has  Initiated 
an  LSD  wave.  Evidence  of  lamination  heating  to  the  melt  temperature  may  be 
seen  near  the  center  of  the  SEM  record.  General  appearance  and  frequency 
of  various  damage  sites  In  the  series  of  aluminum  records  Is  similar  to 
that  observed  previously.  Figure  3(c)  and  (d)  show  SEM  records  for  the 
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(a)  Aliadaia  2024  bafora  irradlatloa 


(b) 


AJ.'jadnua  2024  afcar  Irradiatloa,  G “ 2.14  x 

P 


10*  aatt/cB* 


FIGDU  3.  Sn  KBCOBDS  BEFORE  AND  AFTER  ONE  PULSE  AT  AT*J0SPHBR1C  PRESSURE 
(2000Z) 


(•)  Ttmgateo  before  Imdlatloo 


FIGURE  3.  (Continued) 
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lead  surface.  Sobc  areas  sho*Hred  extensive  bulk  surface  rippling  and  Belt 
while  others  shewed  aostly  defect-oriented  darage  as  shown  in  the  figure. 
Clearly  evident  are  ridge,  covered  pit,  and  covered  groove  defect  heating 
regions.  Preservation  of  certain  defect  details  on  a surface  with  such 
a low  celt  temperature  is  indicative  of  prompt  initiation  of  a protective 
LSD  wave.  SEM  results  for  tungsten  are  Illustrated  in  Figure  3(e)  and  (f) 
which  show  records  at  different  but  typical  areas  on  the  surface  (absence 
of  distinguishing  features  on  the  relatively  smooth  tungsten  surface  made 
relocation  of  the  original  area  difficult).  No  positive  indication  of 
melt  was  found  in  any  of  the  postirradiation  examinations  of  tungsten 
although  the  sample  did  cause  a prompt  (less  than  100  nsec)  initiation 
of  an  LSD  wave.  S...rface  features  are  evident  in  the  SEM  records,  but 
%fithout  observed  damage,  the  extent  of  local  heating  and  the  LSD  initiation 
site  density  cannot  be  estimated. 


Target  Electron  Emission  Measurement 
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Atmospheric  Pressure  Experiments 

Using  the  target  voltage  technique  which  was  developed  earlier 
electron  emission  currents  were  measured  for  A1  2024,  tungsten,  and  lead 
targets  at  atmospheric  air  pressure  with  various  CO^  laser  Irradiances. 
Aluminum  2024  target  voltage  was  also  studied  as  a function  of  air 
pressure  do%m  to  10  ^ torr.  The  experimental  arrangement  was  identical 
to  that  shown  in  Figure  12  of  Reference  (1)  (or  the  arrangement  of  Figure  1 
of  this  report  with  the  electrostatic  probe  removed)  and  consisted  of  a 
target  mounted  on  an  aluminum  or  brass  table  which  is  i.onnected  to  a 
standard  50-0  ceax  cable  through  a 30-0  terminator.  The  coax  cable 
was  fed  directly  to  an  oscilloscope  where  it  was  terminated  with  50  0. 

The  shield  structure  around  the  target  was  grounded  through  the  cable 
shield. 
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SoM  relnterpreratioa  of  the  target  voltage  trace  waa  required 

as  a result  of  aore  dettxlled  study  of  the  effect  of  target  plane  relative 

to  the  shield  surface.  The  effect  of  target  plane  location  is  illustrated 

in  Figure  4 which  shows  target  voltage  for  three  shots  on  the  saae 

A 2 

target  (brass)  at  2.14  x 10  watt/c»  with  the  target  plane  at  three 
different  levels  relative  to  the  shield  surface  parallel  to  the  target 
plane.  As  can  be  seen,  the  earlier  part  of  the  signal  is  independent  of 
target  plane  position  .ind  is  believed  to  result  froa  theniionic  esklssion 
of  electrons  into  the  un^lonlzed  air  prior  to  LSD-wave  plassa  initiation. 

After  plasaa  initiation,  the  intense  ultraviolet  radiation  photoionizes  the 
air  surrounding  the  plasma  and  currents  are  driven  by  the  space  charge  field  of 
electrons  deposited  in  the  air  by  thermionic  emission  and  surface  photoemission. 
The  latter  process  probably  dominates  electron  emission  after  plasma 
initiation.  As  can  be  seen  in  the  figure,  the  geometry  of  the  current 
flow  affects  the  target  voltage.  For  a target  1 on  above  the  shield, 
a conduction  path  to  the  shield  is  not  immediately  available  and  the 
measured  cixrrent  drops  as  presumably  charge  flowing  back  to  the  target 
offsets  some  of  the  photocurrent.  For  a recessed  target,  there  is  a 
conducting  path  to  the  shield  and  net  target  emission  increases  at  the 
time  of  plasma  initiation.  This  effect  was  alluded  to  previously,  however; 
a more  definitive  breakdown  time  appears  to  be  indicated  in  the  present 
work.  Since  the  change  in  target  voltage  slope  is  grea.est  for  a target 
plane  above  the  shield  surface,  this  geometry  was  us'id  in  all  of  the 
experiments  discussed  below. 

Standard-sized  targets  of  aluminum  2024,  lead,  and  tungsten  were 

prepared  and  mounted  on  target  holders  as  shown  in  Figure  1.  The 

aluminum  targets  were  irradiated  at  atmospheric  pressure  with  peak  power 

density  in  the  range  0.5-5  x 10®  watt/cm2.  a fresh  target  was  used  at 

each  intensity  level  and  target  voltage  records  were  obtained  for  several 

8 2 

shots  on  the  same  target.  A typical  voltage  record  at  3.2  x 10  watt/ca 
for  aluminum  2024  is  shown  in  Figure  5(a).  A photon  drag  detector  was 


3 

■j 

J 

I 

1 


I 


14 


Torget  Voltage  , mv 


U)  AlwiM  2024  (10  av/cB.  20  asM/ca) 


. 

« 

i 

■1. 

« * 

i'  ' » ; 

* 

1 

_J 

(b)  Tunsaten  (S  av/ca,  20  nacc/ca) 


FIGOtE  5.  TAKGET  EMISSIOH  RECOKOS  AT  ATMOSPHERIC  PRESSURE 
C ■ 3.2  X 10*  watt/ca^ 


used  to  trigger  the  oscilloscope  snd  a tlsie  csllbrstloc  trsne  of  the 
photon  drag  signal  Is  recorded  for  each  laser  intensity  level.  Using 
this  technique  error  In  event  tlalng  Is  believed  to  be  less  than  4 nsec. 

The  tl*e  that  radiation  first  reaches  the  target  Is  defined  by  extra- 
polation of  the  linear  rise  portion  of  the  photon  drag  detector  signal 
to  zero  Intensity  and  subtracting  10  nsec  froa  the  tlae  so  defined. 

This  start  tlae  occurs  at  55  nsec  In  the  records  of  Figure  5.  For  the 
alualnuB  2024  record  of  Figure  5(a),  emission  current  rises  sharply 
beginning  at  about  17  nsec  Into  the  laser  pulse  and  levels  off  sharply 
at  30  nsec,  the  assuMd  point  of  Initiation.  Very  little  effect  of 
SK^ltlple  shots  on  the  sane  surface  was  observed,  as  expecteo  for  atnospherlc 
pressure  Irradiations  of  aetalllcs. 

Lead  and  tungsten  targets  were  also  exposed  to  the  saae  Irradiation 
conditions.  Breakdown  tlaas  *nd  enitted  currents  for  lead  were  similar 

to  those  for  alimlnun  2024,  while  tungsten  exhibited  narked  differences 
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In  behavior.  A typical  trace  for  tungsten  at  3.2  x 10  watt/cn  Is 
shown  In  Figure  5(b).  The  current  begins  to  rise  about  21  nsec  into 
the  pulse  and  breaks  over  at  about  50  nsec  Into  the  pulse.  Breakdown 
tines  for  all  of  the  Irradiations  are  presented  In  Figure  6 along  with 
a line  Indicating  tine  required  to  deliver  a constant  energy  density. 

The  alunlnun  2024  resists  agree  quite  well  with  those  presented  previously 
based  on  electrostatic  probe  neasurenents.  Breakdown  tines  for  lead  agreed 
fairly  well  with  those  for  alunlnun  2C24  over  the  range  of  Intensities 
studied.  The  low  work  ftuictlon  for  lead  nay  well  account  for  the  prompt 
Initiation.  Tungsten,  however,  exhibited  considerable  delay  in  initiation 
relative  to  alunlnun  2024  and  lead,  which  night  be  attributed  to  a 
relatively  high  work  function.  The  delay  night  also  be  a result  of  a 
lower  Initiation  site  density. 

From  photographs  taken  during  the  target  emission  experiments  the 
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threshold  for  strong  LSD-wave  initiation  was  between  1 and  2 x 10  watt/cn 

8 2 

while  plasma  threshold  was  less  than  0.5  x 10  watt/cn  . The  lead  and 

8 2 

alunlnun  2024  LSD-wave  thresholds  were  near  0.5  x 10  watt/cn  . These 
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threshold?  *re  consistent  on  a relative  scale  with  threshold  data  given 

(3) 

by  Hall'  for  the  saw:  aaterlals.  The  higher  threshold  for  tungsten 
is  particularly  evident  in  Figure  7 which  shows  a measure  of  emission 
current  just  prior  to  breakdown  as  determined  by  the  method  discussed 
above.  The  dependence  of  emission  current  on  radiation  intensity  is  not 
yet  understood  but  it  is  of  Interest  to  note  that  the  emission  current 
is  about  the  same  for  the  three  materials  at  LSD-wave  initiation  near 
threshold.  This  might  be  coincidental  because  the  local  current  density 
at  initiation  sites  may  differ  significantly.  The  magnitude  of  the 
total  net  surface  emission  current  may  be  estimated  by  the  methods  of 
Reference  (1).  The  measured  current  near  threshold  corresponding  to  4-inv 
target  voltage  was  0.16  ma.  The  emitted  electrons  diffuse  to  a character- 
istic distance  from  the  surface  given  by  the  Debye  shielding  distance,  h. 
The  true  surface  current  may  be  related  approximately  to  the  measured 
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for  h <<  a < fc,  where  a Is  spot  radius  and  b is  target  radius.  Th^i 
Debye  length  is  jiven  by 

1/2 


6.90 


\ e< 


cm 


where  T is  electron  temperature  in  degrees  K and  n is  electron  number 

density  in  cm  . For  an  electron  temperature  of  3000  K and  density  of 

10^^  cm”  , h » lo”  cm.  For  this  case,  the  4-mv  target  voltage  would 

corresDond  to  an  emitted  current  of  order  1 amp.  Detailed  arguments 

based  on  observed  defect  site  density  and  size  must  be  used  to  infer  a 

ilue 
(4) 
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local  current  density,  but  values  of  the  order  10  amp/cm  do  not  appear 


unreasonable.  Thomas,  et  al.  have  shown  that  the  thermionic  emission 
mniel  is  viable  with  one-dimensional  calculations  for  aluminum.  More  refined 
calculations  with  several  different  materials  and  output  relatable  to  experi- 
mental observables  appear  warranted. 
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Peok  Power  Density,  watt/cm* 


FIGURE  7.  TARGET  VOLTAGE  AT  BREAKDOWN  FOR  ATMOSPHERIC  PRESSURE 


Vacuum  Experiments 


Target  enlsslon  measurements  were  also  performed  for  alumlnun 
2024  samples  over  a range  of  air  pressures  down  to  10  ^ torr.  In  one  series 

a single  sample  was  exposed  to  several  shots  at  a constant  peak  power 

8 2 -2 
density  of  1.28  x 10  watt/cm  at  successi''ely  lower  pressures  down  to  10 

torr.  Figure  8 shows  peak  target  voltage  and  target  voltage  at  breakdown 
inferred  by  the  method  described  above.  The  solid  curve  shows  an  approx- 
imately linear  rise  in  target  voltage  at  breakdow;i  with  decreasing  pressure. 

At  atmospheric  pressure  the  latter  voltage  is  also  the  peak  voltage.  Below 
400  torr  the  peak  voltage  (dashed  ]lne)  occurs  near  the  laser  intensity 
>eak  and  is  believed  to  result  from  surface  photocurrents.  Time-integrated 
photography  indicated  a lunlnous  region  extending  back  the  beam  direction 
for  all  shots  down  to,  and  including,  the  10  torr  condition.  The  length  of 
the  luminous  region  increased  with  decreasing  pressure  as  a result  of 
higher  LSD-wave  speeds.  Definitive  breakdown  times  were  apparent  in  the  target 
voltage  records  only  for  pressures  greater  than  50  torr.  For  this  pressure 
rang'i,  there  was  a finite,  but  small,  decrease  in  breakdovm  time  with 

increasing  pressure  as  indicated  in  the  figure. 

The  approximately  linear  increase  in  target  voltage  with  decreasing 
pressure  is  not  explainable  on  the  basis  of  a simple  one-dimensional  model 
for  the  diffusion  of  emitted  electrons.  In  this  model  the  maximum  electron 
density  in  front  of  the  target  (for  constant  emitted  current)  is  related  to 
the  electron  mobility,  u^,  and  neutral  atom  density,  n^,  by 
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Using  this  relationship  in  the  Debye  length  formula  yields  the  result  that 


h 


-1/3 

n 


y -X  - n~^^^  for  constant  surface  current.  This  is  a much 

probe  probe  n 

weaker  dependence  on  neutral  density  than  observed  in  Figure  8.  In  the  actual 
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case  three-dlJMsnsional  electron  diffusion  near  emitting  sites  may  lead  to 
much  stronger  dependence  of  the  Debye  length  on  neutral  density  as 
apparently  observed. 

The  very  steep  rise  in  photocurrent  with  decreasing  pressure  is 
not  oMlly  .Mlyned.  The  chnoge  llkoly  t.nulto  fro.  Incronoed  ««.-£«.  p.th 
of  tho  ultr.»lol.t  rndUtlon  fro.  the  plaonn.  which  Increeeee  both  the  surf.ce 
photocurrent  uld  the  conduction  current  to  the  shield.  It  Is  observed  that 
the  photocurrent  persists  at  pressures  below  the  pressure  threshold  for  LSD 
wave  at  this  Itradlance  condition.  10  torr.  This  would  be  expected  if  a plasM 
in  the  vapor  occurs,  as  appears  to  be  the  case  Inferred  fro.  spectroscopic 

results . 


Charge  Collection  MetsSurements  in  Vacuum  Irradiations 

As  discussed  above,  electron  emission  from  the  target  surface 
prior  to  LSD-wave  Initiation  has  been  observed.  Since  both  ther.lonlc  and 
.feld  ealsslon  could  result  In  the  observed  currents  , electron  energy 
.easures«nts  were  per£or«d  In  vacuu.  Irradiations  In  an  atte.pt  to 
differentiate  the  two  types  of  C’dsslon.  A secondary  result  of  the  ~as- 
urements  is  •'n  estimate  of  the  vapor  plasma  temperatoae. 


Theory  of  the  Measurement 

Puell^^^  has  derived  expressions  for  the  electron  temperature, 
the  expansion  ene.gy  of  the  Ions,  and  the  total  particle  n>»ber  In  the 
plas.a  as  a function  of  laser  radiation  intensity.  The  ~del  assu.es 
self-sl.llar  hyJrodyns.lc  expansion  fro.  a planar  surface  due  to  s 
continuous  heating  process  and  considers  the  finite  focal  spot  sire.  Laser 
energy  Is  deposited  thetsuilly  In  the  electron  populutlon.  In  an 
asymptotic  expansion  all  of  the  therMl  energy  It  transfor^d  Into  kinetic 
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10  tor r 


energy  (neglecting  radiative  cffecta  and  conduction  losies).  Becauae  of 
charge  neutrality  and  becauae  of  the  anall  aaaa  of  the  elcctrona,  thla 


energy  la  carried  entirely  by  the  Iona.  The  expanalon  energy  la  found 
4/9 

proportional  to  4 , vhere  4 la  average  power  denalty,  and  aaaualng  the 


to  be  a aonatonlc  gaa,  the  average  expanalon  (kinetic)  energy  la 
related  to  the  electron  teaperature  by 

- 5 (Z  + 1)  kT^ 

where  Z la  the  average  Ion  charge. 

Thla  reault  dlffera  allghtly  froa  the  reault  for  a free  adiabatic 
expanalon.  Here  the  aayaptotic  neen  aquare  Ion  apeed  la  related  to  the 
acouatlc  velocity  by 

7^  - c 2 

1 Y - 1 a 

where  the  acouatlc  velocity  la 

- (2+1)  kT 

C . Y ® 

• -1 

Y la  the  ratio  of  apeclflc  heata,  and  ■.  la  the  Ion  aasa.  Hence,  for  a 

5 ^ 

■onatoalc  gaa  (y  “ j). 


Fast  electrona.  If  obeying  a Maxwell-Boltzsann  dlatrlbutlon, 
would  have  a noraallced  apeed  dlatrlbutlon  given  by 


N(v)  ■ 4ir 


l3/2  2 -■^v^/2  kTg 


2ir  kT 


where  the  apeed  v la  In  oi/acc  and  a>^  la  the  electron  eaaa  In  ga.  The  aoat 
probable  apeed  of  an  electron  la 
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having  a corresponding  energy  ^ - kT^.  since  the  average 

electron  energy  la 
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^^Qxrltntal  Arrenpeiaonf 

Charge  collection  aeasureaents  were  perfonaed  using  a nodlfled 
Faraday  cup  probe.  The  target-to-probe  distance  was  usually  25  cii,  and  the 
probe  was  oriented  22  1/2*  fro.  the  target  normal.  Since  the  laser  bea. 
was  Incident  at  22  1/2*  to  the  other  side  of  the  target  nonaal,  the 
angle  between  the  laser  bea.  axis  and  charge  collection  probe  was  45*. 

The  probe  consists  of  a plate  collector,  biased  to  either  + or  - 25  volts, 
surrounded  by  a grounded  housing  tube.  The  entrance  afo.rture  is  0.56  cm 
in  diameter,  and  a perforated  stainless  steel  grid  (also  at  ground  potential) 
is  located  0.25  cm  in  front  of  the  plate.  The  grid  transmission  is  = 40Z. 

The  plate  is  biased  through  a 2-MO  resistor,  and  the  output  is  coupled 
through  a 0.1-pf  capacitor.  A termination  resistance  of  500  was  used  at 
the  input  to  the  TEK  551  dual-beam  osciiloscope.  Both  beams  were  employed 
in  the  measurements.  One  trace  was  set  at  a normal  sensitivity  depending 
on  the  peak  signal,  while  the  other  trace  was  set  five  times  as  sensitive 
in  order  to  resolve  any  precursor  signal  prior  to  the  arrival  of  the 
plasma  at  the  probe.  An  equivalent  AC  circuit  analysis^ of  the  probe 
shows  that  negligible  integration  of  the  signal  occurs. 

When  the  probe  is  negatively  biased,  the  velocities  of  the  ions 
are  determined  by  tlme-of-flight  measurements  over  the  target-to-probe 
distance  d.  The  average  kinetic  energy  is  given  by 
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then  the  most  probable  sp*ed  la  related  by 
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where  E Ig  in  eV  and  v la  in  cm/sec. 
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where  i(t)  is  the  charge  collector  current.  The  electron  energies,  however, 
are  based  cm  a speed  corresponding  to  the  peak  In  the  probe  current  with 
positive  bias. 


Eitperiaental  Reau.Us 


The  probe  signal,  whether  positively  or  negatively  biased,  usually 
consistec'  of  three  easily  identifiable  coaiponents  under  vacuua  conditions: 
a proiq>t  signal,  a precursor  or  fast-plasma  component,  and  the  normal 
(slower)  plasma  component.  The  precursor  component  was  always  much  weaker 
than  the  normal  component,  and  was  not  detectable  at  low  intensities  for 
several  targets.  For  negative  bias  conditions,  all  three  components  gave 
positive-going  signals  corresponding  to  ion  collection  in  the  case  of  the 
precursor  and  normal  plasma  components,  aau  UV-induced  electron  photoemission 
in  the  case  of  e p-ompt  component.  For  positive  bias  conditiona,  all 
three  components  gave  negative-going  signals  corresponding  to  fast  electron 
arrival  in  the  case  of  the  prompt  'iignal,  and  plasma  arrival  (electron 
®®H*ction)  in  the  case  of  the  precursor  and  normal  coiwponents.  As  discussed 
below,  there  is  evidence  that  the  earliest  signal  of  the  fast-electron 
component  may  be  due  to  UV  radiation  from  the  plasma  striking  the  probe. 

Shot— to— shot  reproducibility  of  data  for  some  of  the  experiments 
was  poor.  The  response  was  a strong  function  of  target  history  and  depended 
on  the  number  and  intensity  of  previous  shots  as  well  as  the  atmosphere 
in  which  the  shots  were  taken.  In  general,  the  average  ion  kinetic  energy 
on  the  first  shots  was  considerably  higher  than  predicted  far  these  laser 
intensities;  however,  the  value  of  was  found  to  asyi^>totlcally  approach 
some  lower  value  after  numerous  shots  at  a particular  energy.  Similarly, 
the  precursor  component  slowed  and  became  less  proodnent.  The  UV-induced  probe 
photoemission  peak  showed  little  change  after  multiple  shots  at  a given 
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energy.  The  fast-electron  component  (positive  bias)  showed  dramatic  changes 
*^ter  each  shot.  The  peak  and  half  width  of  the  signal  decrease  rapidly 
with  multiple  shots.  After  a few  shots,  the  signal  resembles  an  Inverted 
photoemission  signal  of  short  duration.  Experiments  are  planned  which 
would  divert  charged  particles  away  from  the  probe  either  electrostatically 
or  magnetically  to  Investigate  the  probe  response  to  UV  radiation  from  the 
laser-produced  plasma  with  both  positive  and  negative  bias. 

Multiple  shots  were  taken  on  aluminum  2024  and  tungsten  at  two 
Intensities  to  assess  the  shot-to-shot  change  in  prompt  emission  for  positive 
bias.  The  most  probable  velocity  v^  was  related  tc  the  electron  energy  as 
described  above,  and  those  data  are  given  in  Table  2.  If  the  signal  is 
composed  of  both  a photoemlsslon— related  component  and  a fast— electron 
component,  then  as  the  fast-electron  signal  diminishes  the  most  probable 
velocity  and  hence  the  electron  energy  would  appear  abnormally  high.  The 
lower  energies  appear  more  representative  of  the  actual  energies. 

Table  3 presents  a comparison  of  prompt  signals  obtained  for  both 
positive  and  negative  bias.  l«ad  was  not  irradiated  at  this  high  intensity. 
These  data  represent  averages  of  several  shots  on  the  same  target.  The  large 
signal  observed  with  Zn  is  consistent  with  the  strong  bremssLrahlung  emission 
for  A1  observed  spectroscopically. 

Table  4 gives  the  average  ion  expansion  energies  for  several  target 

materials.  As  discussed  previously,  the  value  of  is  abnormally  high  for 

the  first  shot.  Due  to  the  large  irradiation  area,  absorbed  gases,  surface 

contaminants,  and/or  oxide  layers  (all  containing  light  elements)  can  lead  to 

bhe  calculation  of  an  anomalously  high  expansion  energy.  If  the  expansion 

energies  are  related  to  the  characteristic  electron  temperature  of  the  plasmas 

by  the  model  discussed  above,  then  typically  10  eV  S T <50  eV. 

e 

Data  for  shots  in  partial  pressures  of  dry  air  (typically  0.1-20  torr) 
have  not  been  analyzed  pending  evaluation  of  probe  response  in  the  absence 
of  charged-particle  Impingement. 
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TABLE  2.  AHALYSIS  OF  THE  EFFECTS  OF  MULTIPLE  SHOTS  ON  PROMPT  BlISSIOH 
(Positive  Biss  Slitnsl) 


Peak  Intensity, 

w/«2 

Target 

Material 

Shot 

No. 

Ee. 

eV 

Vo, 

volts 

1.28  X 10® 

A1  (2024) 

1 

26 

0.16 

2 

300 

0.10 

3 

(a) 

0.04 

4 

(a) 

0.07 

2.14  X 10® 

A1  (2024) 

1 

3.9 

0.24 

2 

8.0 

0.17 

3 

13.2 

0.11 

4 

150 

0.09 

1.28  X 10® 

W 

1 

(b) 

0.12 

2 

(b) 

0.04 

3 

(b) 

0.02 

4 

(b) 

0.08 

5 

(b) 

0.01 

Q 

6 

(b) 

0.006 

2.14  X 10® 

W 

1 

(b) 

0.17 

2 

(b) 

0.14 

3 

(c) 

t 

4 

(b) 

0.07 

5 

(b) 

0.08 

— 

6 

(b) 

0.06 

(«)  Slgnsl  sppesrs  to  be  entirely  probe  photoemission  related. 

(b)  No  definitive  peak  could  be  assigned. 

(c)  Data  not  obtained  for  this  shot. 


TABLE  4.  AVERAGE  ION  EXPANSION  ENERGIES 


jll  ■■  ■ — — — 

1 ‘ Target 

Material 

1 , 

Peak  Power  Density, 
w/cm^ 

^4: 

keV 

Condition 

r' 

1 

3.2  X 10® 

4.9(2) 

TVo  previous  shots 
0 2.14  X 10®-- no 
signal 

^ A1  (2024) 

5.35  X 10® 

2.3(1) 

First  shot  with  no 
N2(^) 

3.2  X 10® 

0.74(3) 

Seveirl  previous 
shots 

2.14  X 10® 

0.64(1) 

Several  previous 
shots 

Cu 

3.2  X 108 

2.1(1) 

Several  previous 
shots 

Zn 

1.28  X 10® 

1.3(1) 

First  shot 

2.14  X 108 

0.27(1) 

Fourth  shot 

1 T1  (6-4) 

1 

2.14  X 10® 

0.30(2) 

Three  previous 
shots  9 2.14  X 10® 

Pb 

1 _____ 

0.49  X 10® 

0.26(1) 

Several  previous 
shots 

(•}  Nuaber  of  d«ta  points  %ihich  were  averaged. 

(b)  N2  flow  to  laser  off;  peak  Intensity  Is  the  saae,  although  the 

characteristic  N2  de-excltatlon  tall  Is  absent  from  the  laser  pulse. 
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Spectrogcoplc  Studies 

Tiae-lntegrated  spectra  were  recorded  photographically  at  wave- 
lengthf  ranging  froa  abo  tt  2250  to  6500  A for  several  different  target 
materials  Irradiated  in  air  at  pressures  ranging  froa  hard  vacuum  to  1 
ata  using  the  CO^  TEA  laser.  The  target  materials  irradiated  were: 

A1  (2024),  Zn,  W,  Pb,  Cu,  Ti  (6-4),  graphite,  and  type  304  stainless  steel. 
Time-resolved  spectral  aeasureoents  for  target  species  were  also  obtained 
for  aluminum  2024  targets  in  air  at  pressures  between  1 x 10  ^ torr  and  1 
ata.  Extensive  analyses  of  these  data  have  not  been  performed  but  preliminary 
results  from  the  UV  measurements  are  described  in  the  following  two  sections 
of  this  report. 

Time-Resolved  Measurements 

The  transient  measurements  with  2024  aluminum  targets  were  performed 
using  a SPEX,  3/4-aeter  Czemy-Tumer  spectrometer  with  a EMI  Type  6256 
photomultiplier  as  a detector.  Output  from  the  detector  was  displayed  using 
a Tektronix  7704  oscilloscope  and  was  recorded  photographically.  Transit 
delay  time  for  the  photomultiplier  was  55  nsec  and  the  scope  delay  was  55  nsec. 
Specific  spectral  lines  were  mk-mitored  by  setting  the  grating  angle  to  pass 
the  desired  wavelength.  Targets  were  used  for  multiple  irradiations  and  were 
not  replaced  for  each  irradiation  as  was  done  for  some  of  the  earlier  studies. 

The  spectral  lines  that  were  observed  are  listed  in  Table  5.  The 
results  for  the  A1  I measurements  are  illustrated  in  Figure  9 utiich  shows 
measureswnts  made  on  the  target  surface  and  at  a distance  of  3 » froa  the 
target.  Within  the  limits  of  the  variations  froa  one  irradiation  to  another, 
the  three  different  A1  I lines  observed  showed  essentially  the  same  transient 
characteristics  under  the  same  pressure  and  irra tiance  conditions.  The  A1  I 
radiation  shown  in  Figure  9(a)  is  typical  of  what  would  be  expected  for  a 
vapor  plasma  expanding  into  a vacuum  region.  The  sharp  peak  observed  at  5 usee 
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for  a 3-9BI  disCanca  froa  tha  surfaca  indicatas  a bulk  vapor  spaad  of 
6 X 10^  ca/sac  which  la  conaidarably  alowar  thao  tha  faat  plaaaa  coaponent 
obsarvad  «rlth  tha  charga  collactioo  proba.  A1  I aalasioas  aasoclaCad  with 
▼acuuB  Irradiations  did  not  tand  to  persist  as  long  as  In  thosa  casas  vhara 
air  was  prasant  as  saan  in  Figure  9(b).  At  pressures  in  the  range  of^l  ton* 
up  to  1 ata,  A1  1 ealaslons  persisted  out  to  about  200  usee  as  observed  in 
tha  earlier  studies  at  ataoapharic  pressure.  No  significant  differences 
%wre  noted  between  the  Intensity  levels  at  the  surface  and  3 aa  away  froa 
the  surface  of  the  ‘Uirget.  Ac  early  tiaes  on  the  surface,  the  photoaultiplier 
signal  for  A1  1 (3944.01  A)  rises  very  sharply  at  approxiaately  60  nsec 
into  the  pulse  in  hard  vacuua  aa  shown  by  the  solid  line  in  Figure  9(c). 
tfost  of  the  early  rise  probably  rssults  froa  breaastrahlung  in  the  vapor  as 
noted  froa  the  dashed  line  which  sIkwo  results  of  a second  shot  with  the 
•P*ctroaeter  set  about  1.2  A off  the  line.  Vapor  is  clearly  evident  after 
300  nsec  into  the  pulse. 


TABLE  5.  EXCITED- STATE  ENERGIES  OF  TRANSIENT  SPECIES  OBSERVED 


Species 

Eadssion 
Wavelength,  A 

Energy  of 
Excited  State,  eV 

A1  I 

3050.07 

7.67 

A1  I 

3944.01 

3.14 

A1  I 

3961.52 

3.14 

A1  II 

2631.55 

21.30^*) 

A1  II 

2669.17 

10.63^*^ 

A1  II 

3587.06 

21.29^*) 

(a)  Based  on  A1  I ionization  energy  of  5.9H5  eV. 
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Time,  sec 

a Emission  from  A I I 3961  52  A line  ot 
3.0  mm  from  forget  surfoce  of  4xlO*»DrT 


Time,  ^sec 


t)  Emission  from  At  I 3944  Ol  A line  of 
target  surface  ot  l torr 


c.  Emission  f>-om  Al  I 3944  01  A line  of 
target  surfoce  ot  10*  torr 


FIGURE  9.  NEUTRAL  ALUMINUM  VAPOR  EMISSIONS  AT  LOW  AIR  PRESSURE  FOR 
3.2  X 10®  watt/cin^ . 


33 


HE  TARGET  SURFACE  AT 
2) 


800 


Time.^sec 


FIGURE  11.  TOTAL  QIISSION  AT  3587.06  A (A1  II)  ABOVE  AND  BELOW  PRESSURE  THRESHOLD 
FOR  LSD-WAVE  INITIATION,  Gp  - 3.2  x 10~  WATT/CM2 
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for  the 


Reeulte  for  the  A1  II  Ion  lines  were  typically  the  saae 

different  wavelengths.  In  the  range  of  pressures  froa  hard  vacuua  to  several 

torr,  the  early  appearance  of  ionized  aluainua  was  sisdlar  to  that  for  neutral 

aluainua,  i.c.,  the  A1  II  calssiona  rise  distinctly  above  the  breasstrahlung 

background  sbout  300  nsec  into  the  pu3.se.  The  peak  intensity  levels  of 

these  eaissions  rise  as  pressures  are  raised  to  the  pressure  threshold  for 

LSD-wave  initiation  (5-10  torr)  and  then  disappear  into  the  background  level 

between  20  torr  and  ataospheric  pressure.  This  effect  is  illustrsted  in 

Figure  10  which  presents  the  eaission  levels  at  3587.06  and  2631.55  A for 

successive  shots  at  various  pressures.  Background  intensity  has  not  been 

subtracted  froa  the  data  but  only  the  higher  pressure  results  are  affected  at 

3 Msec.  The  onset  of  the  LSD  wave  with  increasing  pressure  is  shown  draaatlcally 

in  Figure  11  which  presents  the  A1  II  (3587.06  A)  results  at  pressures  above 

8 2 

and  below  the  pressure  threshold  at  3.2  x 10  watt/ca  . The  10-torr  curve 
is  essentially  the  background  breasstrahlung  radiation  within  the  precision 
of  the  aeasureaents.  While  the  decreased  vapor  plasma  heating  is  clearly 
evident,  the  question  of  early  existence  of  ionized  aluminum  for  pressures 
higher  than  20  torr  is  not  resolved  entirely  because  of  the  Intense  background 
radiation. 


Tiae- Integrated  Spectra 

Spectra  obtained  with  A1  (2024),  Zn,  W,  Pb,  Cu,  Tl  (6-4)  graphite 
and  Type  304  stainless-steel  targets  covering  the  wavelength  range  froa  2900  to 
3900  A are  presented  in  Figures  12-19.  The  targets  were  tilted  with  respect 
to  the  line  of  sight  viewed  by  the  spectrometer  so  as  to  sample  the  surface 
emission.  The  lower  portion  of  the  spectra  corresponds  to  regions  near  the 
target  surface.  The  lines  above  the  spectrum  of  (a)  are  Hg  calibration  lines. 
These  spectra  which  were  obtained  with  the  targets  in  air  at  pressures  of  1 ata 
and  1 torr,  and  under  hard  vacuum  are  typical  of  the  spectra  over  the  range 
froa  2250  to  6500  A.  Wavelength  scales  shown  in  the  flgpires  are  only 
approximate.  In  general,  at  1 ata  the  spectra  are  characterized  by  lines 
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(b)  1 tozT,  3.2  X 10^  watt/ca^ 


(c)  1 ata,  2.14  x 10^  vatt/ca^ 

FIGURE  14.  TDMGSTEM  TARGET  SPECTRA  NEAR  3500  A 
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(•)  2 X 10“*  torr,  3.2  x 10*  watt/ca^ 


0>)  1 torr,  5.35  x 10®  watt/ca^ 


(c)  1 ata,  2.14  x 10®  aatt/ca^ 

FIGURE  16.  COPPER  TARGET  SPECTRA  NEAR  3500  A 
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j («)  2.5  z 10~®  torr 

. : 

.1 
J 
J 
j 
:1 


! 

J 

i 

.) 

i 

(c)  1 ata 

I 

FIGQKE  17.  TITAHIIM  TARGET  SPECTRA  HEAR  3500  A (2.U  z 10* 
watt/ca^} 


(b)  1 torr 


(c) 


1 ata 


fk;dre  18. 


GRAPHITE  TARGET  SPECTRA  NEAR  3500  A (2.14  x 10 
watt/ca^) 


■etalllc  initiation.  Significant  specific  concluaiona  which  may  be  dr-.m 
frou  the  %r>rk  thla  period  are  aa  followa. 

• LSD  waves  are  initiated  on  tungsten  surfaces  at  levels 

8 2 

above  10  watt/c«  at  1 atnoaphere  with  no  apparent 
vaporization  as  observed  by  SEM  at  2000X  and 
spectroscopy. 

• Delay  tine  to  initiation  for  tungsten  is  about  20 
nsec  greater  than  that  for  aluminum  2024  and  lead. 

• LSD-wave  initiation  timing  and  target  eadssion 
characteristics  are  similar  for  aluminum  2024  and 
lead. 

• Pro^t  initiation  (;30  nsec)  occurs  on  acrylic  plastic 
for  up  to  three  shots  on  the  same  surface  at  3.5  x 10® 
watt/cm2. 

• Measurement  of  tht  energy  of  electrons  emitted  from 
the  target  surface  prior  to  LSD-wave  initiation  nay 
be  impossible  because  of  the  intense  plasns- 
bremsstrahlung- induced,  surface-photoelectron  background. 
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• Tl»-rMol,«j  •rtctTomcon  for  A1  n .p.dea  In 
.1-1—  202*  Irr^lUtion.  « 

1— U nh—  d«r— . In  pn,.  Incnnltln. 

the  surfac.  Just  nbovn  cbn  prensure  threshold  for 
1SI>— « initutlo.  (5-10  torr)  st  3.2  r 10»  ..tt/c.2  .nd 
~ ..tscfbU  slp^l  .bn,.  b..t,r„„d  for  pr...nr.n 
(reater  th«j  20  torr. 

• Both  n.ntr.1  -d  lonlt.d  nl-m-  ,.p,.  .p..^.. 
d.t.ctnbl.  « «rl,  „ 300  nsoc  to.-  pressor..  1... 
th«i  . fe,  torr  In  sl«ln—  2021  Irradiations. 

futureeffort 


itt.dutionTo?-tir::rt:.r::*h‘’' 

ch.r«ct«rl*.tlcm  of  metallic  LSIMr.ve  «=‘»Pl«te  the 

k-  1 ..  wu-w.ve  initiation  processes.  E»hasis  will 

theLi'^*!  "d  -etal  selection  to  differentiate 

™ li  e T " 

of  1.06-0  I T *■'  '-"Booted.  * Iinir.d 

l^.rk  fdr  ««.nun  zviu  will  be  perforated  to  assess  vave- 

he  lied  L“.lr'"d"“" 

InltUtlon.  “ »'  ‘■^-ove 
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